High purity CoSb 3 , Ni 0.06 Co 0.94 Sb 3 and In 0.13 Co 4 Sb 12 were synthesized from oxides by magnesioreduction. This novel synthesis route to CoSb 3 -based skutterudites directly yields highly cristalline powders with submicronic grain size. 
(phonon) contribution κ L and much less to the charge carrier contribution κ e ,
13
with κ = κ L + κ e .
14 Any attempt to improve the dimensionless thermoelectric figure-of-merit ZT, 15 defined as:
in CoSb 3 involves (i) the optimization of PF by adjusting the carrier concentra-17 tion in the semiconducting material and (ii) the reduction of κ L . The latter can M A N U S C R I P T
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(ii) At the microstructural scale, grain boundaries in bulk polycrystalline ma- The synthesis of Ni-doped and In-inserted CoSb 3 was attempted from a mixture 83 of cobalt, nickel/indium and antimony oxides. Nevertheless, the primary for- 
Materials characterization

117
The crystal structure and purity of the samples were checked by powder XRD us- 
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Gatan US1000 camera, and an Orius 200D camera.
137
The Seebeck coefficient α(T) and electrical resistivity ρ(T) measurements
138
were realized using a home made apparatus described elsewhere [49] . Thermal in cell parameters of a = 9.0350(2), 9.0434(1) and 9.0443(6) Å for CoSb 3 ,
151
Ni (Fig. 3) . The grain size ranges from 300 nm to 1 µm for CoSb 3 and its Ni-165 doped counterpart and from 100 nm to 1 µm for the In-inserted skutterudite.
166
Such small particles are required to lower the thermal conductivity and are usu- that readily react together to form the skutterudite phase.
186
Spark plasma sintering was used to prepare the skutterudite pellets because 187 it can achieve high densities in short sintering times thus limiting grain growth 188 during the densification process. With the sintering conditions given in 2.1,
189
relative densities ranging from 96 to 97 % were obtained (Table 1) .
190
Le Bail fitting of the XRD patterns measured on sintered pellets polished shows a majority of submicronic particles. This distribution has been fitted us-
229
ing a log-normal distribution function:
where A, µ and σ are the fitting parameters. From µ and σ values, the average 231 grain size D and its standard deviation SD can be calculated using the formulae:
The average grain sizes are found to range from 780 nm for CoSb 3 down to (Table 1) .
235
Such small grain sizes induce numerous grain boundaries, which along the 236 presence of defects due to crystal orientation mismatches might be efficient to 
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able to scatter mid-wavelength phonons.
255
As shown in Fig. 6c , some porosity with nanometric size (encircled in red)
256
is also observed at the grain boundaries and can also act as efficient phonon 257 scattering centers.
258
All these observations are quite common for sintered materials and are not 
268
The electrical resistivity and Seebeck coefficient of the three pellets are 
281
These values lead to an increase of the maximum PF (Fig. 7c) The thermal diffusivity of the three synthesized skutterudites has been mea-289 sured on sintered pellets and converted to thermal conductivity (Fig. 7d ) using subtracting κ e to κ tot (Table 2 and solid lines in Fig. 7d ). The Wiedmann-Franz 309 law, κ e =LT/ρ, was used to obtain κ e using the measured electrical resistivity 
325
With the insertion of indium rattlers in the structure, the total thermal con- 
349
The measured physical properties enable to calculate the figure-of-merit ZT 350 of these materials (Fig. 7e) . The ZT values of pristine CoSb 3 are small due to ter multistep high temperature syntheses followed by various mesostructura- 
